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In 1998, the United States Congress amended Section 508 of the Rehabilitation Act to 
require federal agencies to make electronic and information technology accessible.  The 
first accessibility guidelines from the World Wide Web Consortium’s Web Accessibility 
Initiative, Web Content Accessibility Guidelines 1.0, were published in 1999.  This study 
tests the usable accessibility of cultural institution web sites.  Four cultural institution 
web sites were selected, two that were WCAG 1.0 compliant and that were not, were 
selected for evaluation.  A combination of qualitative and quantitative analysis was 
conducted.  Significant differences were found in the perceived usability of the guideline-
compliant web sites; significance was found for one of three tasks.  Overall, the 
guideline-compliant sites received higher usability ratings, but the task completion rates 
did not support a claim of greater usability. 
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Introduction 
Much research has been conducted related to website accessibility (Barnicle, 
2000; Bowen, 2003; Sullivan & Matson, 2000).  This increasingly image-rich medium 
fosters creativity and promotes a graphically focused experience.  For visually impaired 
users the web’s graphic nature creates a challenge, and for web designers successfully 
implementing alternative methods of design for visually impaired users creates a 
challenge. 
As the popularity of the Internet increases, the need to create both usable and 
accessible sites increases.  While usability and accessibility are related, the terms do 
denote different aspects of design evaluation.  Usability is a concept pertinent to all 
Internet users; it “is generally regarded as ensuring that interactive products are easy to 
learn, effective to use, and enjoyable from the user’s perspective” (Sharp, Rogers, and 
Preece 2007, 20).  Accessibility is “when individuals with disabilities can access and use 
them [web sites] as effectively as people who don’t have disabilities” (Slatin & Rush, 
2003).  Accessibility has grown in importance over the last few years, as the reliance on 
and importance of the web has grown. 
Accessibility has garnered the attention of both the federal government and the 
World Wide Web Consortium (W3C).  In 1998 the federal government enacted 
legislation (Section 508 of the Rehabilitation Act of 1998) that required all federal 
agencies to make electronic and information technologies accessible.  That same year the 
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Web Content Accessibility Guidelines 1.0 (WCAG 1.0) were approved, 
thus establishing priority levels for minimizing the effects of different types of 
accessibility barriers. 
In an effort to provide guidance and assistance to web designers a variety of tools, 
documentation, and code examples have been provided.  With both Section 508 and 
WCAG 1.0 in effect, the challenges to web designers were outlined in a structured and 
comprehensible fashion.  However, designing a guidelines-compliant website requires 
both the interest and understanding of the website’s owners as well as a knowledgeable 
web designer.  Following the WCAG 1.0 checklist alone does not ensure that a site is 
accessible.  The effective implementation of the guidelines requires an understanding of 
each guideline’s goal and an understanding of how visually impaired users interact with 
web content. 
As the stewards of public history, art, and culture, cultural institutions have 
sought ways to provide education and outreach to the community.  Many cultural 
institutions offer a variety of methods to make access to their collections or performances 
available to visually impaired persons.  The institutions selected for this research study 
each offer programs for the visually impaired, including hands on experiences for the 
visual arts and infrared headsets as well as binoculars for the performing arts. 
Their stewardship role increases the responsibility of cultural institutions to 
provide accessibility programs, outreach, and web content.  The WCAG 1.0 offer 
structured insight into accessibility issues and methods of surmounting them, and Section 
508 provides a similar resource for federal agencies now required to make their electronic 
and information technology accessible.  It is the junction of these two elements that is of 
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interest to this paper.  Do the guidelines increase accessibility to cultural 
institution web content?  How do visually impaired users respond to these accessibility-
compliant sites versus non-compliant sites? 
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Literature Review 
Usability and Accessibility 
Both usability and accessibility are criteria for evaluating a website’s design, and 
usability is the umbrella under which accessibility falls.  A user should be able to 
navigate a site and understand the steps necessary to complete the purpose of their visit; 
usability refers to the ability to do this with ease.  Usability is the intersection of three 
aspects of a website: that it is easy to learn, effective, and enjoyable.  To achieve this 
goal, web content must consistently use the same terminology to advance the user’s 
ability to acclimate to the website’s organizational scheme, thereby reducing errors and 
improving efficiency and efficacy (Barnicle, 2000).  Attention to usability heuristics will 
increase the user’s ability to accomplish their goals. 
While usability considers the ability of users in general to accomplish their goals, 
accessibility refers to the ability of specific subsets of users to access the site and 
effectively conduct their business with the help of accessibility elements incorporated by 
website designers.  These subsets of users include people with all kinds of disabilities; the 
focus of this paper is specifically on those with visual impairments. In an effort to make 
electronic and information technologies accessible, the federal government amended 
Section 508 of the Rehabilitation Act of 1998.  The passing of Section 508 was an 
historic event, underscoring the need to make electronic content accessible. 
The W3C says, “Web accessibility means that people with disabilities can 
perceive, understand, navigate, and interact with the Web, and that they can contribute to 
the Web” (WCAG overview, 2005).  This definition provides an element of 
 6
understanding but does not include an expectation of efficiency or efficacy.  The 
definition provided by Slatin and Rush (2003) takes the W3C definition a step further by 
expressing the need for accessibility to encompass the experience of people with 
disabilities interacting with web content. 
The notion of usable accessibility becomes “designing a user interface to be 
effective, efficient, and satisfying for more people in more situations” (Thatcher et al., 
2002).  However, in a study designed to investigate the correlation between accessibility 
and usability, Sullivan and Matson (2000) found only a weak suggestion for a 
relationship between the two, content accessibility and design usability. 
Having determined the definitions of usability and accessibility, we can recognize 
that it is possible for a usable site not to be accessible for all its intended users. In 
addition, it is possible for an accessible site not to be usable.  For example, a website may 
adhere to all the accessibility guidelines, but with a poor design becomes unusable to 
both able-bodied users and visually impaired users.  Web content that is not usable by 
able-bodied people may cause even greater frustration for the visually impaired and other 
populations dependent on assistive technologies (Rowan, Gregor, Sloan, & Booth, 2000).  
Similarly, a website may be very well organized and meet usability heuristics but, 
without adherence to the accessibility standards, becomes inaccessible to visually 
impaired populations (Hanson, 2004). 
Both web design and web accessibility are increasingly standards based.  The 
increasing reliance of web designers on web design standards are increasing the number 
of accessible sites, especially the increased use of Cascading Style Sheets (CSS).  Sites 
that use CSS are representative of the growing trend for designers, referred to as 
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‘designing with web standards’.  The use of CSS permits designers to separate 
content from presentation, while improving continuity of design.  Designing with 
standards does not ensure that a site is guideline compliant or accessible.  For instance, 
fixed font sizes used in CSS is design-standards compliant, but it is not WCAG 1.0 
compliant (Regan, 2004). 
History of Web Accessibility Guidelines 
In 1999, the Web Content Accessibility Guidelines Working Group (WCAG 
WG), a part of the W3C’s Web Accessibility Initiative (WAI), approved the WCAG 1.0, 
the most comprehensive and authoritative guidelines to date.  The W3C , directed by Tim 
Berners-Lee, sponsors extensive outreach and education regarding web accessibility -- 
endeavors that are supported by the W3C’s WAI.  The WAI focuses its efforts on 
developing guidelines, publishing support documents to explain and demonstrate 
implementation, and providing other resources.  These publications and resources are the 
result of on-going international collaborations (WAI mission and organization, 2006). 
The WAI publishes many documents relevant to web accessibility as part of its 
ongoing efforts regarding education on the topic of web accessibility.  Its publications 
include the following guidelines: WCAG 1.0, Authoring Tool Accessibility Guidelines, 
and User Agent Accessibility Guidelines.  The WCAG 2.0 have been drafted, but have 
not yet been approved by the W3C; this new draft incorporates accessibility guidelines 
for new technologies, is more understandable, and increases a designer’s ability to 
conduct accurate accessibility testing.  At this time, version 1.0 is the stable and approved 
version of the W3C’s accessibility guidelines and are recognized internationally (WCAG 
overview, 2005).  They are organized into 14 goals: 
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1. Provide equivalent alternatives to auditor and equivalent text. 
2. Don’t rely on color alone. 
3. Use markup and style sheets and do so properly. 
4. Clarify natural language usage. 
5. Create tables that transform gracefully. 
6. Ensure that pages featuring new technologies transform gracefully. 
7. Ensure user control of time-sensitive content changes. 
8. Ensure direct accessibility of embedded user interfaces. 
9. Design for device independence. 
10. Use interim solutions. 
11. Use W3C technologies and guidelines. 
12. Provide context and orientation information. 
13. Provide clear navigation mechanisms. 
14. Ensure that documents are clear and simple. 
The WCAG 1.0 are structured so that each goal, or guideline, is supported by 
checkpoints written to explain its correct implementation.  The number of checkpoints 
provided for each guideline differs from one guideline to the next; for example while 
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guideline 2 has only two checkpoints, guideline 3 has seven (WCAG 1.0, 1999).  
Each checkpoint is linked to the WAI “Techniques Document” (Techniques, 2000), 
where web designers can find example code for a deeper understanding of how to 
incorporate the checkpoints meaningfully.  Each of the guidelines must explain clearly its 
purpose.  For the guidelines to be effective their reason must be understood by the web 
designer in order for the checkpoints to be implemented correctly.  Web designers are 
then faced with the challenge of successfully incorporating the checkpoints.  It is this 
combination of understanding and implementation that determines if a web page or site is 
accessible (Sloan et al., 2006). 
Further guidance is provided through the assignment of priority levels to each 
checkpoint.  Priority 1 checkpoints are assigned to those design elements that must be 
satisfied in order for visually impaired users to navigate a page successfully.  Unsatisfied 
Priority 1 checkpoints are likely to hinder visually impaired users from reaching their 
goals, leaving them frustrated.  Priority 2 checkpoints are less critical and are assigned to 
checkpoints to which web designers should adhere.  Non-conformance makes navigation 
of the page difficult.  Priority 3 checkpoints are items that would increase perceived ease 
of use, but aren’t things that are likely to cause major accessibility impediments (Carter 
& Markel, 2001). Cultural institutions wishing to make their resources accessible to all 
their potential clients will try to address at least the Priority 1 and Priority 2 checkpoints 
in designing their websites. 
Accessibility and the Law 
Accessibility has been a concern of the United States government since 1990 
when the Americans with Disabilities Act (ADA) was passed.  The goal of the ADA was 
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to make certain that visually impaired people were able to gain access to brick-
and-mortar businesses, for work or pleasure; it also requires businesses that employ more 
than 15 people to be accessible.  In 1996, Deval Patrick, then Assistant Attorney General, 
found that businesses that communicated via the web, including web-based sales and 
services, were equally as responsible for making those communications accessible as they 
were for ensuring their brick-and-mortar counterparts were accessible.  The courts, 
however, have not held that the ADA applies to e-businesses (Carter & Markel, 2001). 
Based on this statement by Patrick, in 1999, the National Federation of the Blind 
(NFB) brought a suit against America Online (AOL) for violation of the ADA because at 
the time the AOL software was not compatible with screen readers.  In 2000, AOL 
agreed to make their software screen reader compatible; the NFB dropped their suit 
(Carter & Markel, 2001).  This suit was followed by a suit filed by a Florida man against 
Southwest Airlines for not providing a screen reader compatible site; in 2002, a Florida 
judge ruled the ADA does not extend to the web (Gelman, 2004). 
In 1998 Congress amended the Rehabilitation Act to incorporate accessibility 
standards for electronic and information technology, but it is limited to electronic and 
information technology owned, preserved, or hosted by federal agencies.  Section 508, 
which is based on the WCAG 1.0, defines electronic and information technology as “any 
equipment or interconnected systems or subsystem of equipment that is used in the 
creation, conservation, or duplication of data or information” (Section 508: Summary of 
Section 508 Standards).  Section 508 requires federal agencies to make these resources 
accessible, and holds these agencies accountable for ensuring accessibility of electronic 
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and information technology the agencies “develop, procure, maintain, or use” 
(Section 508: Summary of Section 508 Standards). 
Section 508 standards were developed for equipment, software and peripheral 
devices, technical assistance, agency evaluations, and reports officially setting the scope 
for application accessibility and the respective requirements.  Section 508 extends beyond 
federal agencies and affects public entities under contract with federal agencies such that 
products that will become the property of the agency must be Section 508 compliant. 
While deliverables must be Section 508 compliant, the instrumentation and 
documentation used in their creation need not be compliant (Section 508: Summary of 
Section 508 Standards). 
On a smaller scale the Telecommunications Act addresses accessibility issues. 
Drafted in 1996, it was amended in 1999 to require that all technology manufactured for 
use by or in telecommunications would incorporate accessibility measures, unless 
adaptive technologies were not prohibitively expensive.  Web communication regulation 
is addressed specifically in Section 255 of the Telecommunications Act, though its scope 
is rather limited (Carter & Markel, 2001).  This legislation was designed to keep 
telecommunications accessible and within economic reach of the general public; it was 
not intended to require private entities to incorporate accessibility measures into their 
web content. 
Aspects of Web Design 
Web content refers to more than the text of a page.  The W3C defines web content 
as “what it says to the user through natural language, images, sounds, movies, 
animations, etc.” (WCAG 1.0, 1999).  The different types of content are not the only 
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consideration for web designers.  Rather a web designer must also consider the 
client and the desired product.  Design considerations must also incorporate the 
economics of design, including time, budget constraints, and marketing and branding the 
site, which will likely be of supreme importance to the client (Hanson, 2004).   
There are a few myths related to web accessibility and the ability of browsers or 
assistive technologies to fill accessibility gaps from poorly formed code or lack of 
attention to guidelines.  One myth is that there are assistive technologies capable of these 
feats, correcting code and incorporating accessible code.  Then there are others who 
believe that mere adherence to WCAG 1.0 or other guidelines will ensure accessibility, or 
that text-only versions of a site are necessary.  These beliefs are not true; rather 
accessibility is the result of collaboration and understanding among, “technology 
designers, browser and media player developers, authoring tool developers, and content 
developers” (Brewer, 2004). 
When accessibility is a priority, finding a web designer who can deliver the 
desired content while adhering to the WCAG 1.0 adds another facet to the web designer 
search and the design process.  However, the true cost of accessibility is in the planning.  
Well-designed content does not require a much greater investment of time or resources.  
Accessibility compliance would require attention to detail such as using heading tags, 
ensuring that all images had accurate alt tags,1 and that hyperlink text was informative.  
                                                 
1 The alt attribute provides a textual description of an image, form, graphic, or applet.  W3C 
Recommendations for alt attributes for objects, images, and applets in HTML states it is “for user agents 
that cannot display images, forms, or applets, this attribute specifies alternate text.”  The Recommendations 
specifically mention the alt attribute as an assistive measure for, “users without graphic display terminals, 
users whose browsers don't support forms, visually impaired users, those who use speech synthesizers…”  
The alt attribute must be used with IMG and AREA elements ("HTML 4.01 Specification"). 
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No longer are text-only pages recommended; though if they were, they would 
not be difficult to generate with today’s content developing tools (Brewer, 2000).   
Depending on the project and the client’s interests, the priority level assigned 
accessibility may fall.  It is critical to recognize during the design process that web 
content users will bring different experiences and cognitive abilities.  Even a group with a 
particular perceptual impairment in common (e.g., the visually impaired population) is a 
diverse group of people with different backgrounds and experience levels.  They will also 
be skillful in using assistive technologies through sheer experience.  These elements will 
affect assistive technologies and, depending on their experience level, will alter their 
interaction from that experienced by a web designer who might have occasional 
interaction.  Clients, web designers, and users will each approach the website from 
different cultural and educational perspectives, which will affect each user’s 
interpretation of the site and its ease of use (Barnicle, 2000). 
Web content is increasingly graphic in nature. During a nine year period the 
average number of images on a single web page multiplied by a factor of four (Asakawa, 
2005).  This dramatic increase in the number of images per page underscores the need for 
guideline-compliant content because images without alt tags are particularly frustrating to 
visually impaired users. 
Establishing Usability 
Creating a guideline-compliant site is one element of design (Shneiderman, 2000).  
It stands to reason that a site must also be usable in order to be effective.  Consider that a 
poorly designed and implemented site would be frustrating to able users; then consider 
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the increased frustration necessarily experienced by visually impaired visitors 
to the same site. 
Usability heuristics have been established in an effort to create a method of self-
assessment for web designers to ensure that web content is usable.  First introduced by 
Jakob Nielsen, heuristics are designed to provide a framework for existing expertise; 
heuristics should be “concise, exhaustive and mutually exclusive” (Paddison & 
Englefield, 2003).  One study (Leporini & Paterno, 2003) created and tested a set of 
heuristics on sites with well formed code and meeting accessibility guidelines.  The 
heuristics encompassed three aspects of usability: efficiency, effectiveness, and 
satisfaction.  Within these aspects, specific elements were considered with the goal of 
presenting web designers with a compact tool for effectively producing usable sites. 
Usability practices frequently incorporate usability heuristics, and Paddison and 
Englefield (2003) recommend the adoption and employment of accessibility heuristics, 
which they argue are more compact and usable than WCAG 1.0.  However, they do 
recognize that the accessibility heuristics they recommend should not replace WCAG 1.0, 
but should only be employed by those who are familiar with WCAG 1.0 and already 
possess an understanding of accessibility issues.  Therefore the accessibility heuristics 
would act as a “mnemonic” reminder of the accessibility guidelines rather than the 
definitive source. 
Assessing Accessibility 
Even if accessibility guidelines are available, there are inherent challenges in 
determining whether web content is accessible.  For a web designer, guidelines provide 
structure to an area of concern.  Making web content accessible increases the potential 
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audience of the website.  A clear understanding of each guideline’s purpose and 
how each checkpoint supports that purpose are vital to successful implementation and 
accessible design.  Correctly implemented guidelines improve the likelihood the user’s 
experience with the site will be successful, stress-free, and as the designer intended. 
To help web designers gauge accessibility there are several automatic 
accessibility validators, such as Bobby (http://webxact.watchfire.com/).  They are 
designed to check the code of a website against the guidelines and flag where the website 
code is non-compliant.  These accessibility validators can be helpful tools, but they 
present their own set of limitations.  Accessibility validators simply check whether the 
code incorporates the guidelines, but they do not certify the website is accessible.  Rather 
they provide error messages where automatic validation is possible and warnings where 
manual checks are required. 
Accessibility validators are designed to check code that can be verified 
automatically.  Some validating, such as the correct use of alt tags on images, requires 
manual checking.  For this reason validators should not be viewed as a comprehensive 
method for determining accessibility.  A comprehensive approach to accessibility 
validation would incorporate both automatic and manual checks (Rowan, Gregor, Sloan, 
& Booth, 2000). 
Instances of manual checking include determining the text provided in the alt tag 
accurately reflects the content of the image or that captions describe the contents of 
tables, even if the tables are used in the page layout.  Automatic validators are not able to 
determine the accuracy of the alt tag or the purpose of the table; in these instances manual 
 16
checks are required to establish that useful and accurate information is being 
passed to the screen reader (Rowan, Gregor, Sloan, & Booth, 2000).  
The WCAG 1.0 recommend the text for a hyperlink include accurate information 
regarding the contents of the linked information.  This means that links with ‘PDF’ as the 
linking text are not guideline-compliant as they do not communicate to the visitor the 
information or page to which they will be taken upon selection of the link.  Well-defined 
links permit users with screen readers to tab through the available links and understand 
the information or page to which they will be taken; with ill-defined links, visually 
impaired users must listen to the document in its entirety to determine the purpose of the 
link from its context (Leporini & Paternò, 2004). 
One supplement to automatic validation is the use of color blind simulators, such 
as Vischeck (http://www.vischeck.com/) and Etre 
(http://www.etre.com/tools/colourblindsimulator/).  These tools accept a web page 
address, ask for the type of color blindness to simulate, and adjust the rendering of the 
submitted page to appear as it would be seen by someone with the selected type of color 
blindness. 
Another tool developed to promote understanding of accessible design considers 
the time it takes to navigate a webpage using a screen reader.  One such tool is IBM’s 
aDesigner (Takagi, Asakawa, Fukuda, & Maeda, 2004).  Rather than specifically 
assessing whether the site’s code complies with the guidelines, these tools color code the 
sections of the page to reflect each section’s “reaching time,” i.e., the length of time 
required to navigate to each section with the use of a screen reader.  The color code 
assigned to a section represents the number of estimated seconds to reach that particular 
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section; sections requiring more than 90 seconds to reach are designated 
inaccessible (Takagi, Asakawa, Fukuda, & Maeda, 2004). Without the ability to scan a 
page for the information sought, visually impaired users are dependent on the web 
content’s design, adaptive methods, and assistive technologies. 
One of the most time consuming design elements for screen reader users are static 
page elements through which the screen reader must read upon each page load (Leporini 
& Paternò, 2004).  Requiring visually impaired users to read the same navigation 
elements after each page load is a misuse of visitors’ time. Methods such as skipping to 
the main links and heading tags can be implemented as a time-saving measure for screen 
reader users; appropriate application of these techniques can provide accessible 
navigation (Takagi, Asakawa, Fukuda, & Maeda, 2004).   
Accessibility requires thoughtful implementation of the guidelines and their 
checkpoints.  The inclusion of alt tags for all images, for example, can be helpful, but it 
can also be frustrating; if an image is used as a placeholder, the tag will describe an 
irrelevant element, e.g., “spacer”.  Complying with the guidelines in this case does not 
improve accessibility.  Designers can intend to increase accessibility through the use of 
alt tags, but with the result that the page is less useful because the alt tag is either non-
descript (e.g., “click here”) or describes an irrelevant page element (e.g., “spacer”) 
(Takagi, Asakawa, Fukuda, & Maeda, 2004). 
A multi-tiered approach to accessibility checking would be the most thorough 
approach.  Establishing a method that ensures that code is well-formed, guideline-
compliant, and has appropriate color contrast would provide a comprehensive 
accessibility assessment.  The combination of automatic and manual compliance 
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checking will work to verify that the guidelines and their checkpoints are 
incorporated.  The color blindness emulators will demonstrate to the web designer the 
presentation of the web content to visually impaired users.  aDesigner will provide an 
efficient way of presenting to the web designer the reality of navigation for the visually 
impaired by color coding the reaching times of each section (Rowan, Gregor, Sloan, & 
Booth, 2000; Takagi, Asakawa, Fukuda, & Maeda, 2004). 
The Growing Importance of Accessibility 
The number of Americans with visual impairments has grown in tandem with the 
population as it has grown and aged.  Advancing medical treatments along with the aging 
Baby Boomers has led America to the largest number of elderly Americans in history, 
and with an aging population come increases in visual impairments (Congdon et al., 
2004).  The number of Americans 65 and older with visual impairments is anticipated to 
double by 2040 (Chiang, Cole, Gupta, Kaiser, & Starren, 2006).  Increasing dependence 
on web content for people of all ages in conjunction with an aging population combines 
to necessitate an increase in accessibility and usability of web content (Shneiderman, 
2000). 
Decrease in visual acuity and manual dexterity is a natural part of the aging 
process, resulting in an increased need for accessibility.  However, these experiences and 
limitations are not the sole territory of the elderly; rather they are experienced by people 
of every age, group, and race.  Accessibility affects a larger population than the visually 
impaired alone, including those with physical disabilities who also rely on assistive 
technologies such as screen readers (Milne et al., 2005).  While the visually impaired are 
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not the only population to experience difficulties accessing the Internet, they 
are the group most affected by the graphic nature of the web (Hanson, 2004). 
In 2002, the U. S. Census Bureau reported that, among non-institutionalized 
Americans living in the United States, 7.9 million Americans 15 years and older claimed 
difficulty seeing the letters in ordinary newsprint with glasses or contacts if they wore 
them regularly; among these, 1.8 million claimed not being able to see the letters.  
Americans aged 65 and older reported the greatest number of visual impairments;  
respondents ages 45 to 54 were half as likely as those 65 to 69 to claim the same 
difficulty (Steinmetz, 2002). 
Based on 2005 data, the National Center for Health Statistics estimated in 2006 
that 22 percent of Americans over the age of 74, 13.2 percent between the ages of 65 and 
74, and 11.2 percent between the ages of 45 and 64 experienced a visual impairment.  
Americans between 18 and 44 claimed the lowest proportion of visual impairment with a 
mere 5.5 percent (Pleis & Lethbridge-Cejku, 2006). 
The National Eye Institute and Prevent Blindness America collaborated in 2002 to 
estimate the number of Americans over the age of 40 with a visual impairment.  The 
project based its calculations on an estimated population of 119 million Americans over 
the age of 40 and a national average of visual impairment, including blindness, of 2.85 
percent. With these parameters, they estimated that there were approximately 3.4 million 
older Americans experiencing some level of visual impairment (U.S. map - Estimated 
prevalence rates, 2002).  In 2005 the National Health Interview Survey was released, in 
which the number of adults reporting visual impairments was 20.3 million or 9.3 percent 
(Adams, Dey, & Vickerie, 2007). 
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The U.S. Census Bureau estimated in 2002 that, of those reporting a 
severe disability, 35.9 percent used a computer and 28.5 percent accessed the web from 
home.  Among respondents age 65 and older, only 28.6 percent used a computer and, of 
that group, 21.2 percent accessed the web from home (Steinmetz, 2002).  These numbers 
indicate that for those reporting a severe disability and home use of a computer, 79.4 
percent are accessing the web, and for those 65 and older, 74.1 percent are accessing the 
web. 
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Purpose 
It is estimated that 1 percent of web designers have acted to incorporate the 
accessibility guidelines into their web content.  The argument has been made that, even if 
the percentage of accessible sites is slightly higher, there is great disparity between the 
information available through the web and the ability of visually impaired people to 
access it (Carter & Markel, 2001). 
With a growing population of visually impaired people, it is imperative that web 
content be accessible.  Cultural institutions are the stewards of public memory and bear a 
responsibility that would imply that greater consideration ought to be paid to accessibility 
in order to provide the public with an equal opportunity to access collections, exhibitions, 
and resources.  Part of being accessible to the widest audience would suggest the 
institution’s website should be both usable and accessible (Rowan, Gregor, Sloan, & 
Booth, 2000). 
It is the goal of this research to determine if the websites of cultural institutions 
providing guideline-compliant web content are more accessible to and usable by visually 
impaired people than their non-compliant counterparts. 
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Methodology 
Four cultural institution websites were selected for evaluation and testing by 
visually impaired participants.  Two guideline-compliant and two non-compliant websites 
were selected based on a combined approach using both automatic and manual 
validation.  Visually impaired participants were recruited to participate via the telephone 
permitting them to participate from a computer and location convenient for them; 
interviews were audio recorded with participant’s permission.  Each participant was 
asked to complete the same three tasks at each of the four sites.  Task completion was 
recorded as found, almost found, or not found.  Upon completion of all three tasks on 
each site, participants were asked to rate their overall experience on five semantic 
differential scales.  Data analysis reflects paired t-tests comparing mean usability ratings 
for guideline-compliant and non-compliant sites and Fisher’s Exact tests comparing the 
task completion rates.  Results are supported with qualitative data collected with think 
aloud protocols.  The study methods are described in more detail below. 
Selection of Sites 
Four cultural institution websites were selected for evaluation in this research 
study.  These sites were selected based on their guideline-compliance as determined by 
Bobby, the automatic validator.  A total of four sites were selected: two sites with zero 
Priority 1 automatic validation errors, The Country Doctor Museum 
(http://www.countrydoctormuseum.org/) and The Metropolitan Museum of Art 
(http://www.metmuseum.org/), as well as two sites with a minimum of one Priority 1 
automatic validation error, the National Air and Space Museum 
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(http://www.nasm.si.edu/) and the New York City Ballet 
(http://www.nycballet.com/). See Appendix C for a screen shot of each site’s home page. 
Participants 
For this study ten visually impaired adults were recruited.  A recruitment email 
(see Appendix A) was sent to the WebAIM listserv and to the Office of Disabilities at the 
University of North Carolina at Chapel Hill; in addition to a description of the research 
study, I included my contact information.  The WebAIM listserv is a service of Web 
Accessibility in Mind, an organization within the Center for Persons with Disabilities at 
Utah State University.  Members of the WebAIM listserv distributed the enrollment 
email to visually impaired students and peers whom they thought would be interested in 
participating.  The Office of Disabilities, in the Division of Student Affairs at the 
University of North Carolina at Chapel Hill, distributed the recruitment email to the 16 
system institutions, whose offices of disabilities in turn disseminated the enrollment 
email to their students. 
Procedures 
Participation in the study consisted of a single one-hour interview.  Prior to the 
interview, participants received a study packet that included an information sheet, the 
demographic data that would be collected, and the task list complete with follow up 
questions (see Appendix B).  Research study material was sent to participants via email, 
which fulfilled their request to have the information electronically.  This served two 
purposes: 1) participants’ screen readers could read the document contents and 2) 
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participants could copy and paste the institutions’ uniform resource locators 
(URLs) into their browser window rather than typing it in. 
Interviews were conducted via the telephone to permit participants to complete 
the study in a location and on a computer of their choosing.  Participants were asked to 
have simultaneous access to both a telephone and a computer with an Internet connection.  
Interviews consisted of only the participant and the interviewer and were audio recorded 
(with permission) and fully transcribed. 
The beginning interview questions collected information about demographics, 
computer experience, and technology used during the interview.  The task list was then 
read aloud and explained by the interviewer; participants were informed that a task would 
be considered complete once they had repeated the related web content. For example, if 
the hours of operation were the object of the task, it would be considered complete when 
they had repeated the days and times the institution was open to the public.  After the 
explanation of the tasks, questions were invited. The interviewer made it clear that, once 
the task completion portion of the interview commenced, no additional guidance or 
clarification would be available.  Participants were informed that they could stop the task 
at any time.  During the task completion section, participants were asked to think aloud 
while completing the three tasks on each of the four selected cultural institution websites.  
The order in which the websites were encountered was counterbalanced, so that half the 
participants used the compliant sites first and the other half used the non-compliant sites 
first. 
Two of the tasks were designed to represent anticipated goals of users accessing 
cultural institution websites.  These two tasks were: 1) obtaining hours of operation and 
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2) obtaining directions to the institution.  The third task was designed to 
represent less commonly accessed information, requiring participants to rely more 
heavily on the navigation provided on the site. The task was to obtain information related 
to gaining access to the institution’s library or archive.  This approach was taken in order 
to incorporate steps that might be a bit more familiar as well as one that would require 
greater dependence on the web content’s accessibility (Barnicle, 2000). 
At the completion of the task list for each site, participants were asked to rate the 
usability of the site, based on their overall experience with the three tasks.  Five semantic 
differential scales were provided, and respondents’ ratings were recorded.  The five 
adjective pairs were: Frustrating to Satisfying, Dull to Stimulating, Confusing to Clear, 
Difficult to Easy, and Terrible to Wonderful.  They were adapted from the Questionnaire 
for User Interaction Satisfaction, v7.0 (Harper and Norman, 1993), licensed to the 
University of North Carolina’s School of Information and Library Science by the Human-
Computer Interaction Lab (HCIL) at the University of Maryland at College Park. 
Data Analysis 
Three types of data were captured in this study: scores on completion of each 
task, participant ratings of usability, and transcriptions of participants thinking aloud 
during the entire process, to understand the experience as fully as possible 
Each participant’s task completion was scored in order to determine which tasks 
were completed successfully.  Task completions were assigned one of three outcomes: 
found, almost found, or not found.  Tasks were considered completed if the information 
retrieved fully answered the task; tasks were considered almost found if the information 
found was relevant to the task but did not fully answer the task.  Participants were also 
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asked at the start of the interview to state when they would cease seeking the 
information via the Internet and what their next course of action would be. Performance 
on the four sites was compared with chi square or Fisher’s exact test. 
The participants’ perceptions of site usability were scored on a five-point scale, 
with a rating of 1 indicating a negative reaction to the site (e.g., frustrating) and a rating 
of 5 indicating a positive reaction to the site (e.g., satisfying). The ratings on each scale 
were analyzed separately. Each participant’s ratings from the two compliant websites 
were averaged together, and each participant’s ratings from the two non-compliant 
websites were averaged together. A paired t test was used to compare the difference 
between the two means. 
The think aloud protocols were transcribed. These data were used to more fully 
understand the quantitative ratings of each site and any performance problems 
experienced by the participants. 
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Results 
Participant Characteristics 
The general population of Internet users incorporates a wide variety of physical 
and cognitive abilities, cultural backgrounds, experiences, and financial resources 
(Barnicle, 2000).  The visually impaired population is also a diverse population, and that 
is reflected in their ages, web experience, and the number of hours spent on the web on 
average during the week.  The ages of participants ranged from 17 to 73 with an average 
age of 39.8.  There were an equal number of men and women participants.  Years of web 
experience ranged from two to 12 with an average of 7.7; the average hours spent on the 
web per week ranged from two to 50 with an average of 24.3.  Participant demographics 
are listed in Table 1. 
Table 1: Participant Demographics 
Participant Gender Age Visual Impairment 
Years with
Impairment 
Years 
using 
Internet 
Average 
Hours per 
Week Online 
B Female 30 ROP 30 12 5.5 
C Male 17 Retinal Glaucoma 16 6 8 
D Male 38 Glaucoma 25 2 50 
E Female 24 ROP 24 5 48 
F Male 73 Arthur's Syndrome 11 11 30 
G Female 37 ROP 3 12 40 
H Male 72 Blind 5 8 2 
I Male 27 Blind 15 4 14 
J Female 43 ROP 43 5 20 
K Female 37 Macular Degeneration 10 12 25 
Mean   39.8   18.2 7.7 24.3 
Participants were familiar with the Windows environment and any assistive 
technologies employed to complete the study task list.  All participants accessed the 
Internet from a PC using Internet Explorer 6.0 or 7.0.  Nine used the Windows XP 
operating system and one used the Vista operating system.  Eight participants used a 
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version of JAWS, and nine accessed the Internet via a broadband or DSL 
connection.  Participants’ technology infrastructure data are listed in Table 2. 
Table 2: Participant Technology Infrastructure 
Participant 
Computer 
Type Operating System Assistive Technology Internet Connection Browser 
B PC Windows XP Jaws 7.0 Dial Up IE 
C PC Windows XP Jaws 8.0 DSL IE 
D PC Windows XP Jaws 8.0 DSL IE 
E PC Windows XP Jaws 8.0 DSL IE 
F PC Windows XP Jaws 8.0 Broadband IE 
G PC Windows XP Jaws 8.0 Broadband IE 
H PC Windows XP Window Eyes 5.5 DSL IE 
I PC Windows XP Jaws 7.0 Broadband IE 
J PC Windows XP Jaws 7.1 Broadband IE 
K PC Windows Vista Large Monitor Broadband IE 
Interview Data 
Two sets of quantitative data were collected and analyzed.  The first set of data 
considers whether each task was completed; the second set includes rating of perceptions 
of usability.  Five participants completed all twelve tasks (three tasks at four sites); five 
were incomplete. 
Participants’ task completion was coded in one of three ways: Found, Almost 
Found, or Not Found.  In order for a task to be coded as Found, the participant was 
required to state the answer to the task’s question.  Tasks were coded as Almost Found, 
when participants repeated information that related to the requested information but was 
not exactly the information sought; for instance, finding the address of the institution 
rather than directions as requested.  For a task to be coded as Not Found, participants 
asked to move to the next task without finding the requested or related information.  Task 
completion frequencies are listed in Table 3 
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Table 3: Task Completion Frequencies 
Task Found 
Almost 
Found Not Found N/A 
The Metropolitan Museum of Art     
Hours of Operation 8 0 1 1 
Directions to Institution 8 0 1 1 
Library/archives contact information 5 2 2 1 
The Country Doctor Museum         
Hours of Operation 9 0 0 1 
Directions to Institution 5 1 2 1 
Library/archives contact information 6 1 1 2 
National Air and Space Museum     
Hours of Operation 3 0 1 5 
Directions to Institution 3 0 1 5 
Library/archives contact information 4 0 0 5 
New York City Ballet     
Hours of Operation 2 0 5 2 
Directions to Institution 5 0 2 2 
Library/archives contact information 5 3 0 2 
Analysis of task completion was conducted on each task, comparing guideline-
compliant versus non-compliant websites.  There was a statistically significant difference 
for the completion of the first task, finding the hours of operation.  This information was 
found 94% of the time on the guideline-compliant websites and only 54% of the time on 
the non-compliant websites (see Table 4). 
Table 4: Task Completion Summary 
  Compliant   Not Compliant 
Task Found 
Almost
Found 
Not 
Found   Found 
Almost 
Found 
Not 
Found 
Hours of 
Operation 17 (94%) 0 (0%) 1 (6%)  13 (54%) 0 (0%) 6 (46%) 
Directions to 
Institution 13 (72%) 1 (6%) 4 (22%)  8 (62%) 0 (0%) 5 (38%) 
Library/archives 
contact 
information 11 (61%) 3 (17%) 4 (22)   10 (77%) 3 (23%) 0 (0%) 
There were no statistically significant differences in performance of tasks two and 
three between guideline-compliant and not compliant web content (p = .677 and p = .220, 
respectively).  Increased familiarity with the web content, for instance discovering the 
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address rather than directions or the site map, may have played a part in the 
lack of significance between the results for tasks two and three. 
Upon completion of all three tasks on a site, participants were asked to rate their 
overall experience on five semantic differential scales in order to gauge their perceptions 
of the site’s usability and compare these perceptions between guideline-compliant and 
non-compliant web content.  Mean ratings for compliant and non-compliant sites are 
provided in Table 5. 
Table 5: Participant Perceptions of Usability, by Compliance Status 
    Compliant   Not Compliant     
    Mean s.d.   Mean s.d. t p 
Frustrating/satisfying  4.3 0.54  2.4 0.46 5.000 0.002 
Dull/stimulating  3.6 0.42  3.3 0.75 0.734 0.487 
Confusing/clear  4.2 0.65  2.6 1.38 4.352 0.003 
Difficult/easy  4.3 0.75  2.8 1.17 4.583 0.003 
Terrible/wonderful   3.8 0.27   2.8 0.75 3.071 0.018 
T-tests were conducted on these data to determine if there were statistically 
significant differences between user perception of the guideline-compliant web content 
and the non-compliant web content.  Differences were found on four of the five scales: 
frustrating to satisfying, confusing to clear, difficult to easy, and terrible to wonderful.  A 
statistically significant difference was not found for the dull to stimulating scale.  These 
results indicate that users found guideline-compliant web content to be more satisfying 
and wonderful as well as clearer and easier to access than non-compliant web content. 
Usability Data 
These four sites were also analyzed with IBM’s aDesigner to establish estimated 
reaching times for each section of web content (see Appendix D).  The reaching times 
were determined for each institution’s home page, from which the task completion was to 
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originate. Pages with sections whose reaching times were equal to or greater 
than 90 seconds were considered unusable while pages with reaching times between 60 
and 90 seconds were considered moderately usable. 
Maximum reaching times were recorded for each page the participants needed to 
visit to complete each task.  If more than three participants sought information from an 
indirect path, those pages’ maximum reaching times were also assessed and are provided 
in Table 6.  aDesigner provides maximum reaching times for each analyzed page; the 
maximum reaching time refers to the estimated number of seconds required for a person 
using a screen reader to navigate from the top left corner (“start”) of the page to the lower 
right corner (“end”) of the page. 
Table 6: Maximum and Estimated Reaching Times for Tasks 
Task 
Maximum 
Reaching Time (sec) 
Task Estimated 
Reaching Time (sec) 
The Metropolitan Museum of Art     
Home Page 76 27 
Visitor Information (Hours) 145 25 
Visitor Information (Directions) 145 90 
Educational Resources 320 65 
"Explore and Learn" 139   
The Country Doctor Museum   
Home Page 103 9 
Admission & Hours (Hours) 63 10 
Admission & Hours (Directions) 63 25 
Contact Us 71  
Digital Library 72 35 
Resources 119   
National Air and Space Museum   
Home Page 134 17 
Plan Your Visit 86 39 
Hours 104 40 
Directions 132 34 
Archive Page 135 23 
Library Page 34 7 
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Table 6 (continued): Maximum and Estimated Reaching Times for Tasks 
Task 
Maximum 
Reaching Time (sec) 
Task Estimated 
Reaching Time (sec) 
New York City Ballet   
Home Page 86 20 
Visitors 83 56 
Plan Your Visit 155 17 
House Info  110 19 
Directions 270 79 
Coming to the Theatre 144  
Researchers 89 48 
Archive 78 42 
"Ask an Expert" 49   
In addition to the maximum reaching times provided by the aDesigner tool, 
estimated reaching times were captured for the pages with task related content.  For pages 
linking to task related pages, such as the site’s home page or a Plan Your Visit page, 
mean reaching times were estimated based on estimated reaching times for each task.  
For instance, from The Metropolitan Museum of Art’s home page, participants needed to 
locate and follow the Visitor Information and Educational Resources links to complete 
the three tasks.  Therefore, the mean reaching time, reported as task estimated reaching 
time in Table 6, is comprised of the total reaching time for these two links.  The 
estimated reaching time for pages that completed tasks is the time estimated to reach the 
needed information on that page.  Maximum reaching time is provided for all web pages; 
reaching time was only estimated for pages that were necessary for task completion.  
Pages that were not necessary for task completion but were accessed by more than three 
participants are listed with their maximum reaching times but without task estimated 
reaching times. 
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Discussion 
This study supports the idea that guideline-compliant sites are perceived to be 
more usable than non-compliant sites.  Four out of five usability rating scales returned 
statistically significant results; the dull to stimulating scale was the only scale that did not 
demonstrate statistical significance between guideline-compliant and non-compliant sites.  
However, only in task 1 did this increase in perceived usability support an actual 
difference in task performance.  Participants were more successful in completing Task 1 
(hours of operation) on compliant sites, but compliance with accessibility guidelines had 
no effect on performance of tasks 2 (directions) and 3 (gaining access to the library or 
archives). 
The dull to stimulating scale did not differentiate between guideline-compliant 
and non-compliant web content.  Scores for both sets of websites were near the middle of 
the 5-point range.  This lack of effect from guideline compliance may be the result of 
participants’ lack of interest in the subject matter or, conversely, their interest in the 
subject matter, which was mentioned by one person regarding The Country Doctor 
Museum.  Another person, participant E, noted that the music on the New York City 
Ballet homepage was stimulating, yet it interfered in their ability to interact with the rest 
of the web content resulting in lower values on the other scales.  Another explanation 
might be the participants’ recognition that a lot of information is provided, which may be 
of interest or assistance to others, as explained by Participant C for a higher dull to 
stimulating score for the National Air and Space Museum. 
In general little difficulty was experienced in completing task 3, retrieving contact 
information for the current institution’s library or archive.  Participants were able to 
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locate links from the home page for researchers or as part of the education and 
outreach projects of the selected institutions.  It should also be noted that task 3 had more 
“Almost Found” scores (6) than either task 1 (0) or 2 (1).  Web content such as Ask-an-
Expert links and other requests for information, but not information on direct access to 
the library or archive, received the code “Almost Found”.  Participant B, in particular, 
liked the simplicity of the New York City Ballet’s Ask-an-Expert page, accessed when 
completing task 3. 
Terminology 
Usability heuristics consider whether or not there is consistency in the 
terminology used; one instance of inconsistent terminology would be if the web content 
fluctuated between Yes and OK, Enter and Click Here.  For sighted users this may result 
in little confusion, but would likely result in greater confusion for the visually impaired 
and other screen reader users.  Confusion can also result when links are labeled in a way 
unanticipated by the user; one instance mentioned during the interviews was the use of 
the institution’s name for the link to the home page rather than labeling the link “home”. 
Images and Alt Tags 
Trying to be accessible requires usability considerations that may not be evident 
at first thought.  For instance, The Metropolitan Museum of Art’s site includes alt tags for 
the graphics on its pages, a Priority 1 checkpoint in WCAG 1.0.2  These graphics act as 
links to additional web content.  However, in addition to the images’ alt tags, there are 
                                                 
2 Guideline 1, Checkpoint 1 (1.1) requires the use of alt tags for “the IMG, INPUT, and APPLET 
elements, or provide a text equivalent, in the content of the OBJECT or APPLET elements” (WCAG 1.0, 
1999). 
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descriptive text links below each image.  It is clear to sighted users that both the 
graphic and the text are links, but to the visually impaired population the duplication of 
links can be confusing. 
The use and explanation of images influenced the perceived usability of the sites 
for study participants.  While completing the rating scales, participants elaborated on 
their scoring by providing reasons for their rating choices.  On the confusing to clear 
scale, embedded images without alt tags frequently created confusion, especially when 
participants were unable to complete a task.  In some instances, in the web content of the 
National Air and Space Museum, images were used for layout purposes, but their alt tags 
were empty (i.e., alt= “ ”).  This may have been done in an effort to limit the information 
read by a screen reader to the most pertinent information; instead it confused the 
participants.  Participant C wondered if the image contained vital information to the task 
at hand. 
To be guideline-compliant, images included in web content must include alt tags.  
Automatic validators can verify that there is an alt tag and that it has text, but a manual 
check is required to determine if the text in that field clearly explains the contents of the 
image.  Participants found images without tags frustrating, but equally frustrating were 
images with alt tags that did not clearly explain the purpose of the image.  Images used 
by the New York City Ballet had alt tags, but they read “button”.  Participant D was 
confused by the links and frustrated when they ended up somewhere unexpected.  Two 
participants who were unable to complete tasks said they would call for the information; 
one of the two was then unable to find the contact information.  This confusion lowered 
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the ratings on the confusing to clear scale, though the same participant assigned 
a higher rating than other participants on the dull to stimulating scale. 
Other Multimedia 
The Flash element of the New York City Ballet’s web content was particularly 
frustrating to participants.  Each page load of the home page initiated music.  Though 
there was a command to turn this off, locating the command took awhile.  Participant E 
particularly enjoyed the music, but four (half) of the eight participants that completed the 
New York City Ballet tasks, including participant E, specifically mentioned the 
difficulties with using the site because of the music and the interference it caused when 
trying to interact with the screen reader.  The music on the home page was specifically 
mentioned by participant I as a reason for their low score on the frustrating to satisfying 
scale. 
WCAG 1.0 does not incorporate a guideline or checkpoint particular to music on 
a site and the ability to turn the audio component off in a convenient manner.  The 
guidelines specify that text equivalents need to be provided for every non-text element, 
including sounds, but this does not take into account constant background music over 
which the user cannot hear the screen reader. 
Similarly, a study conducted by Petrie, Hamilton, and King (2004) found that 
55% of the problems encountered by their participants related to WCAG 1.0 guidelines.  
However, nearly half (45%) of the reported problems were not in violation of a 
checkpoint; therefore, 45% of the problems faced by their participants were guideline-
compliant. 
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Navigation to Needed Information 
The lack of an address or contact information on the home page was mentioned 
for all of the sites.  Each institution included in this study received at least one comment 
from participants regarding the lack of contact information on their home page.  The lack 
of access to this information is particularly stressful since five (half) of the participants 
said they would discontinue their search for the sought information via the website.  
Participant C stated that he would search for the required information via the Google 
search engine in order to be directed to the page with the sought information. 
Two participants were successful in locating the task information after utilizing 
the search feature provided by the New York City Ballet.  Participant G explained that it 
was her use of the search feature, once found, that resulted in a higher score on the 
Difficult to Easy scale.  Had there not been a search feature or had she not found it, this 
score would have been lower. 
Directions to the New York City Ballet, in particular, were difficult to find, as the 
link to this information was offered as a sub-menu several sections away from the main 
navigation sections.  Five of eight participants were successful in locating directions to 
the New York City Ballet, and, of those five, two were successful after using the search 
feature and a third accessed it from the site menu.  It was recommended that the link to 
the site menu be offered as one of the first links through a screen reader. 
Directions to The Metropolitan Museum of Art created confusion because they 
were further down on the Visitor Information page than participants expected.  
Participant C used the search feature to locate the information after it wasn’t where he 
expected; in this case, it was further down than he expected because the link he followed 
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simply said, “Hours and Directions”, leading him to expect that would be the 
only information on the page.  Rather, there was much more information on the page with 
more than five other categories of “Visitor Information” inserted between the hours and 
the directions.  The reaching time for the directions section is 90 seconds, which is the 
longest task estimated reaching time and considered an inaccessible reaching time. 
The Country Doctor Museum, which received the highest average usability scores 
on all but the dull to stimulating scales, was held accountable for lack of clarity regarding 
access to directions to the institution.  The directions were included on the “Hours and 
Admission” page, which did not convey to half of the participants that this would include 
directions to the institution.  This misunderstanding resulted in a lower frustrating to 
satisfying score for participant I. 
Five participants were surprised at the difficulty they experienced in finding 
directions to The Country Doctor Museum because they felt the site was generally well 
organized and accessible.  Of these five, two said they would have to contact the 
institution via telephone or email to get directions and another two found the information 
after deciding to visit each page in order to locate the information.  One person also felt 
The Country Doctor Museum ought to include the institution’s time zone; another felt 
there should be greater information on The Country Doctor Museum’s collaboration with 
Eastern Carolina University, including East Carolina University’s location. 
Providing information in a variety of formats was useful for visitors seeking 
additional insight into artists and their contributions.  Specifically, The Metropolitan 
Museum of Art’s web content provided information through “Explore and Learn” 
content, some of which was available for download as a PDF.  This format was not 
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appealing to participant B who found the “Explore and Learn” content.  She did 
recognize this was one way of accessing information electronically and that, if she were 
conducting related research, this feature would be helpful. 
Use of Headings 
The inclusion of headings on both guideline-compliant sites, The Country Doctor 
Museum and The Metropolitan Museum of Art, were of assistance to the participants.  
Headings are a Priority 2 guideline to be used to “convey structure” rather than apply 
specific formatting.3  Participants were grateful for the assistance that navigation headers 
provided.  By using the headings of the pages, participants were able to tab through each 
page to find the section they thought would be the biggest help in completing the three 
tasks.  Participant B, in particular, was surprised at the ease with which she was able to 
navigate The Metropolitan Museum of Art’s web content based on the home page’s load 
time.  During the loading of the home page she was expressing concern that something 
that large would be too complex to navigate easily, whereas the simplicity of The 
Country Doctor Museum lent itself to easy navigation. 
Conversely, the National Air and Space Museum, while it appeared helpful and 
accessible at first, was not in actuality.  For example, it did not incorporate headings, 
which were cited as one of the accessibility devices that was most helpful.  Participant I 
was unable to find the home page link, and was forced to copy the provided home page 
URL into the address field or use the back button when he wanted or needed to return to 
                                                 
3 Guideline 3, Checkpoint 5 (3.5) specifies the use of headings in order to create a logical structure 
to page contents.  Headings are not to be used for the specific formatting effects they create.  Therefore, H2 
should be a sub-section of H1 ("WCAG 1.0", 1999). 
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the home page; this difficulty resulted in a lower difficult to easy rating.  
Participant B used the back button every time she needed to return to the home page.  In 
addition to the missing headings, the navigation links were “cluttered”.  Clear navigation, 
as outlined by WCAG 1.0, requires links that clearly identify their target.4
                                                 
4 Guideline 13, Checkpoint 1 (13.1) calls for providing “clear navigation mechanisms” (WCAG 
1.0, 1999).  Clear navigation mechanisms means that users should understand a link’s destination. 
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Conclusion 
Guideline-compliant web content increases the perceived usability of a website by 
a significant margin.  Participants felt as though they were more in control of their task 
and were more confident in completing specific tasks with the guideline-compliant web 
content, as indicated by their responses to five usability rating scales upon completion of 
three tasks on each of four sites. 
While participants’ ratings of website usability support the conclusion that 
compliance with guidelines results in increased accessibility of web content, the actual 
tasks completed during the study did not underscore this conclusion.  The qualitative 
aspect of this research study supports the idea that the visually impaired population is 
frustrated with non-compliant web content and relies on alternate methods of information 
location than those provided by non-compliant web content, including phoning or 
emailing the institution directly.  It is alarming that there is a population using the 
Internet who finds using a website search engine to be the most efficient method of 
finding the information they are seeking. 
Accessibility is only as helpful as the site is usable.  Poor design, layout, and 
navigation may hinder the sighted population, but imagine the frustration felt by the 
visually impaired.  Poor navigation, such as that experienced with the New York City 
Ballet web content, or well intentioned but inaccessible, such as that experienced with the 
National Air and Space Museum, decreased perceived usability.  Sub navigation links 
that are too far away from the top of the page, like those used by the New York City 
Ballet, take too long to reach, and therefore are never heard.  Information that is related to 
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the main content but without its own direct link, such as the directions to The 
Country Doctor Museum, will be found only serendipitously. 
These design features affect both accessibility and usability.  While the 
accessibility guidelines may be met in these two circumstances, the information remains 
hidden to the visually impaired due to poor implementation and design.  Combining 
automatic validation and manual validation with an understanding of “reaching times” 
will help web designers implement guideline-compliant code while ensuring the content 
is truly usable. 
Cultural institutions, as stewards of public history and culture, have an 
indisputable responsibility to provide accessible web content.  With education and 
outreach programs in place to provide a quality experience to visually impaired visitors to 
the institution’s physical locations, it is equally important to reach those individuals who 
are unable to visit their physical location.  The Internet increases an institution’s ability to 
reach new populations, not just during normal business hours, but all day every day.  
Ensuring their web content is accessible should not require the commitment of 
considerably more resources.  A commitment to accessibility is, thus, an effective way to 
increase the institution’s audience and further its educational goals. 
Implications for Future Research 
This research study was conducted in an effort to evaluate the success of WCAG 
1.0 by evaluating the ability of visually impaired participants to complete three tasks on 
four websites.  With changes in the Internet and other mark up languages increasing in 
popularity, it is important to consider all of the current and burgeoning technologies in 
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future research studies.  Drafting of WCAG 2.0 is underway and the WAI CG 
is working to publish guidelines that are comprehensive and comprehensible, as well as 
testable. 
In the future, a more robust research study should be conducted to explore the 
impact of WCAG 2.0 on a wider variety of cultural institution websites with a larger 
sample of participants.  With cultural institutions working to provide education and 
outreach programs to the visually impaired population, it is important to include those 
initiatives in web content where it has the opportunity to reach those who may never have 
the chance to visit the institution’s physical location. 
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Appendix A: Enrollment Email 
University of North Carolina at Chapel Hill 
School of Information and Library Science 
Master’s Paper Research Study Enrollment 
 
SUBJECT: Invitation to participate in a research study of web accessibility for the 
visually impaired 
 
My name is Meredith Rendall, and I am a graduate student in the School of 
Information and Library Science at the University of North Carolina at Chapel Hill.  I am 
writing to invite you to participate in a research study.  The study is about the 
accessibility of museum and other cultural institution websites for visually impaired 
users.  The outcome of the study will provide guidance to designers trying to improve the 
accessibility of such sites. 
 
As a participant, you will be asked to complete a total of 12 tasks (the same three 
tasks on each of four cultural institution websites, while thinking aloud). You will also be 
asked to assess the usability of each site.  You will need to have access to a computer 
with an Internet connection and telephone, simultaneously.  The entire study procedure 
can be located at a place convenient for you; your comments will be communicated over 
the phone and, with permission, audio recorded.  You will be among 15-20 participants 
entered in a drawing for Amazon gift certificates ($20 each; two will be awarded). This 
study is completely voluntary. 
 
All data collected will be available to the principal investigator alone.  Personal 
information will be kept separate from the study response data and will not be shared or 
reported. 
 
If you would be interested in participating, please email (mbr@email.unc.edu) or 
contact me at (919) 636 4171 for further information regarding the study. 
 
Thank you for your attention to this invitation. 
 
Sincerely, 
Meredith B Rendall 
 
Approved by the UNC Behavioral Institutional Review Board. Study number 07-0152. 
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Appendix B: Task List 
Following is a list of tasks we would like you to complete on each of four 
websites.  Imagine that you are actually trying to complete each one.  Begin at each 
website’s home page for each task.  You reach the homepage by entering the website’s 
address at the start of each task.  Continue to the point where you can clearly provide the 
information requested in the task description. 
As you work through the tasks, please “think aloud”.  Tell us whatever is going 
through your mind as you work through each task and interact with the website to 
complete the task. 
Website One: Please enter http://www.countrydoctormuseum.org/home.cfm 
in the address bar of the web browser. 
1. From the homepage, please find the institution’s hours of operation; include 
days the institution is open and the hours during which it is open on each day. 
2. From the homepage, please find directions to the institution; include the 
address and if specific instructions from points North, South, East, and West are 
provided. 
3. From the homepage, please find information for researchers seeking use of the 
institution’s library or archive; include resources available and any contact information. 
Website Two: Please enter http://www.nycballet.com/nycb/home/ in the 
address bar of the web browser. 
1. From the homepage, please find the institution’s hours of operation; include 
days the institution is open and the hours during which it is open on each day. 
2. From the homepage, please find directions to the institution; include the 
address and if specific instructions from points North, South, East, and West are 
provided. 
3. From the homepage, please find information for researchers seeking use of the 
institution’s library or archive; include resources available and any contact information. 
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Website Three: Please enter http://www.metmuseum.org/home.asp 
in the address bar of the web browser. 
1. From the homepage, please find the institution’s hours of operation; include 
days the institution is open and the hours during which it is open on each day. 
2. From the homepage, please find directions to the institution; include the 
address and if specific instructions from points North, South, East, and West are 
provided. 
3. From the homepage, please find information for researchers seeking use of the 
institution’s library or archive; include resources available and any contact information. 
Website Four: Please enter http://www.nasm.si.edu/ in the address bar of the 
web browser. 
1. From the homepage, please find the institution’s hours of operation; include 
days the institution is open and the hours during which it is open on each day. 
2. From the homepage, please find directions to the institution; include the 
address and if specific instructions from points North, South, East, and West are 
provided. 
3. From the homepage, please find information for researchers seeking use of the 
institution’s library or archive; include resources available and any contact information. 
 50
Appendix C: The Home Pages of the Four Selected Sites on 
6 April 2007 
Figure 1: The Metropolitan Museum of Art’s Home Page 
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Figure 2: The National Air and Space Museum Home Page 
 
Figure 3: The New York City Ballet’s Home Page 
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Figure 4: The Country Doctor Museum’s Home Page 
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Appendix D: Screen Capture of aDesigner 
Figure 5: Screen Capture of a Guideline-Compliant Site 
 
The upper left corner of the application window renders the web content as a 
browser would.  The upper right corner color codes the text based on estimate reaching 
times; the darker the color, the longer it takes to reach.  When this section of the 
application window is active, the actual reaching time for the pointer’s location is 
displayed along with a good, acceptable, or unacceptable icon.  The lower left corner has 
two tabs, Summary Report and Detailed Report.  The summary report is an overview of 
usability and accessibility guidelines that can be automatically checked.  The detail report 
provides a line-by-line look at compliance and concerns. 
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Figure 6: Screen Capture of a Non-Compliant Site 
 
